A descriptive study was undertaken on 595 dairy cattle abortion submissions to the California Veterinary Diagnostic Laboratory System from July 1, 1987, to December 31, 1989, to determine the etiologic nature and distribution (seasonal and geographical) of dairy cattle abortion in California as reflected by laboratory submissions. Univariate analysis was performed to characterize abortion-related submissions by farm and laboratory variables, and logistic regression analysis was performed to determine factors that may influence success of abortion diagnosis in the laboratory. The proportions of dairies that submitted abortion-related specimens from northern, central, and southern milksheds during the 2.5-year period were 20.3%, 15.7%, and 13.1%, respectively, and 60% of submissions were from medium-sized (200-999 cows) dairies. Submissions consisted of fetus (58%), placenta (2%), fetus and placenta (12%), and fetus, placenta, and maternal blood (0.84%); fetal tissues and uterine fluid constituted the rest. An apparent pattern in abortion submissions was indicated by a peak in submissions during the winter and summer of 1988 and 1989. Infectious agents were associated with 37.1% of submissions; noninfectious causes, 5.5%, and undetermined etiology, 57.3%. Bacterial abortion accounted for 18% of etiologic diagnoses; protozoal, 14.6%; viral, 3.2%; and fungal, 1.3%. Submissions comprising fetus, placenta, maternal blood, or their combinations were associated with a higher likelihood of definitive diagnosis for abortion than tissues, as were fresher specimens and submissions associated with the second trimester of fetal gestation.
Abortion in dairy cattle is a serious problem that results in considerable economic losses to the dairy industry from reduced production efficiency. 5, 11, 22, 24 Effective control measures require not only prompt and accurate diagnosis of abortion but also understanding of the multicausal factors involved in this disease. Prospective field studies of abortion have involved onfarm surveillance programs for detection and prediction of changes in abortion risk. 12, 24, 25 Unfortunately, this approach is very expensive and not routinely applicable in the field. Retrospective use of laboratorybased abortion data has not been vigorously attempted because of several major shortcomings inherent in such data. Retrospective surveys using diagnostic data usually describe abortion by category of etiologic diagnosis, with few farm and laboratory variables taken into account. 1, 12, 14 Traditionally collected veterinary laboratory data can provide useful information for un-derstanding disease if appropriate denominators are available, 12 but these data often are not accompanied by herd demographic data, making computation of epidemiologic rates difficult. In addition, many abortion submissions to the laboratory originate from regular laboratory clientele and hence may not be representative of the general population of aborting animals. 12, 27 The main objectives of the study were 1) to describe the nature and distribution of dairy cattle abortion in California as reflected by submissions to the California Veterinary Diagnostic Laboratory System (CVDLS), 2) to characterize abortion-related submissions according to farm and laboratory variables, and 3) to determine factors that influence the probability of successful diagnosis of abortion.
Materials and methods

Description of study and reference populations
The study population consisted of all dairies of the CVDLS clientele that submitted at least one abortion-related specimen from July 1, 1987 , through December 31, 1989 . This population was categorized into northern, central, and southem milkshed. For this study, submissions from Redding, Sacramento, and Oakland state veterinary districts represented samples from the northern milkshed; submissions from the Modesto and Fresno districts represented samples from the central milkshed; and samples from the Ontario district represented the southern milkshed. The reference population consisted of all dairies submitting quarterly milk samples for Brucella Ring Test monitoring 23 and those that existed in the state during the study period as obtained from the 1990 Dairy Cattle Database (DCDB) maintained at the School of Veterinary Medicine, University of California, Davis. 10 Herd size was stratified into small (1-199 cows), medium (200-999 cows), and large (> 999 cows). For submissions for which information on herd size was not available, the average herd size for the county (obtained from the DCDB) was used as a substitute. The rationale was that a previous study showed a tendency for dairies of similar size to cluster in a geographic region of the state. 23
Source of data
Computerized specimen submission records maintained by 4 branches of the California Veterinary Diagnostic Laboratories at Davis, Fresno, Tulare, and San Bernardino were retrieved for the 2.5-y period from July 1, 1987 , through December 31, 1989 . Each branch laboratory maintained a standard multifile relational database for recording specimen submission information and laboratory findings. Data used in this study were obtained from the history, accession summary, gross pathology, clinical pathology, histology, bacteriology, mycology, parasitology, immunology, virology, and toxicology tables.
Criteria for abortion submission selection
An abortion submission was defined as one specimen submission of dairy origin identified from the "production class" field in the computerized database (defined as dairy, beef, mixture of both, or unknown) that was received from a single farm on a single date. The type of specimen submitted (from one or several animals on the farm) consisted of either a fetus, set of fetal specimens, placenta, paired acute and convalescent sera, or other relevant specimens and was identified from the "specimen submitted" field of the computerized database. Eligible submissions were selected from those that contained dairy as a production class with either fetus(es) and/or placenta as specimen submitted, or history of ongoing or recent abortion, in addition to information that mentioned abortion as a final diagnosis.
Identification of dairy abortion submission
Abortion submission retrieval. Initially, retrieval of all bovine dairy submissions from computerized files was done using a protocol originally developed for another study. 23 All data manipulation was accomplished by a relational database management system. a Retrieval of abortion submissions from the general bovine dairy submissions file was done using specific keywords to search selected database fields. Among the fields searched were "clinical history summary," "specimen submitted," "diagnosis," and "accession summary" using the keywords "fetus(es)," "placenta," "abortion," "stillbirth," and "mummification."
Single and multiple abortion submissions. Dairy abortion submissions were further categorized as single-or multipleepisode submissions. A single episode was defined as a single specimen submission from a particular farm; additional submissions from the same farm > 30 days later were considered an additional episode. A multiple-episode submission was defined as submissions from the same farm on several dates during an interval of 30 days or less. This was done to detect differences in the nature and distribution of abortion between single and multiple episodes.
Submissions received solely for routine abortion serologic investigation, i.e., those cases not associated with abortion follow-up, were excluded. After applying the above-mentioned inclusion and exclusion criteria, initial retrieval of eligible submissions was made from each database of the three branches of CVDLS laboratories. Submissions from CVDLS/Fresno were only for abortion serology and therefore were excluded. Submissions tentatively identified as abortion were combined into a single database for global validation to identify true dairy abortion submissions as well as to standardize information. Wherever necessary, submission information was manually edited and validated by referring to the original submission form. These true abortion submissions were further differentiated into single-or multiple-episode submissions based on the criteria stated earlier. Information from history, accession summary, and specific laboratory findings tables were consolidated to form the final dairy abortion database. Textual data from several fields, such as submitter identification and location of animal, were transformed into alphanumeric codes to maintain client confidentiality. Nontextual data were transformed into either nominal or ordinal categories to facilitate statistical analysis.
Abortion etiology identification
Characterization of abortion submissions by etiology was based on information derived from the "diagnosis" and "accession summary" fields of the database, enhanced by specific findings from laboratory sections performing the investigation as described elsewhere. 1, 12 Laboratory criteria used to diagnose bovine infectious abortion diseases were as described elsewhere. 3 Bacterial. Abortion of bacterial origin was defined as a diagnosis of bacterial or possible bacterial abortion reported in the "accession summary field." This commonly occurred when bacteria were isolated in pure or nearly pure culture from fetal tissues with or without histologic evidence. If specific organisms were not isolated, the presence of characteristic histologic lesions or bacteria in histologic sections was considered confirmatory of the diagnosis of bacterial abortion.
Protozoal. Protozoal abortion was defined as the presence of histologic lesions characteristic of the parasite, with or without demonstration of the organism in the tissue section by hematoxylin and eosin (HE) or immunoperoxidase. 2 Viral. Diagnosis of viral abortion was based on either viral isolation, serologic titers not consistent with vaccination, presence of histologic lesions characteristic of a particular viral infection, or positive result by direct fluorescent antibody staining for bovine viral diarrhea (BVD) virus, in-fectious bovine rhinotracheitis (IBR) virus, and parainfluenza-3 (P13) virus. 1 Fungal. Mycotic abortion was based on isolation of fungi or demonstration of fungal hyphae in histologic tissue section together with lesions consistent with fungal infection.
Noninfectious abortion. Noninfectious abortion was based on information such as congenital abnormalities, dystocia, chemical toxicity, twinning, and mummification. A few diagnoses of mummification not definitively of infectious origin were regarded as noninfectious.
Undetermined cause of abortion. Abortions were categorized as undetermined if the etiology could not be classified as either bacterial, protozoal, viral, fungal, or associated with congenital abnormality, dystocia, twinning, and mummification. In the presence of information such as inflammatory histologic lesions without isolation of an etiologic agent, abortions were further classified as infectious. In the absence of isolation or information of an abortifacient and in the absence of histologic or gross lesions, abortions were classified as noninfectious. When information on either infectious or noninfectious diagnoses was not present, the abortion etiology was classified as unknown.
Data description and analysis
Data were exported into a spreadsheet program, b from which summary tables and distribution graphs were generated and enhanced using a graphics program. c This was done to demonstrate the patterns and etiologic nature of abortion with respect to origin of submission, herd size, trimester of occurrence, clinical syndrome, and type and condition of specimens on receipt at the laboratory. Data were also exported (in ASCII format) into a statistical program d,e for simple analysis of two-way tables 4 using the x 2 test to measure association of type of etiologic diagnosis with other explanatory variables such as origin of submission, herd size, trimester of fetal gestation, and type and condition of specimen. Tests for seasonal variation in submission of specimen for abortion workups were conducted as described 9 using a computer program e which included the Ratchet Circular Scan test 28 (which tests against the null hypothesis of uniform submission over the entire year), Edwards test 6 (which tests against the null hypothesis that submission pattern was sinusoidal throughout the year), and Freedman nonparametric tests (which test against the null hypothesis that submission is uniform throughout the year). 8 Seasonality of abortion submission was graphically illustrated using the 3-mo moving average method. 17 The technique is useful to remove unwanted fluctuations and allow visual identification of any underlying pattern. However, many years of data are required to adequately identify seasonal pattern. Stepwise multiple logistic regression 7 using BMDP LR d (with F-to-enter of 0.10 and F-to-remove of 0.15) was performed to model the probability of achieving a definitive diagnosis of abortion as a function of farm variables, e.g., herd size (stratified into small, medium, and large), season (winter, spring, summer, and fall), and milkshed (categorized into northern, central, and southern milkshed), and laboratory diagnostic variables, e.g., trimester of fetal gestation (stratified into first, second, and third trimester), type of specimen received (1 = fetus, pla-centa, or their combinations, with or without maternal blood [optimal] , and 0 = tissues [suboptimal]), and condition of specimen received (1 = fresh and 0 = autolyzed). Forward and backward stepping procedures were employed to identify statistically significant factors which may have contributed to the model. 16 
Results
Number of abortion submissions
From a total of 11,631 bovine submissions received during this period, 3,977 were identified as dairy submissions by identifying the submitter in the reference population. 23 Of these, 894 submissions mentioned abortion as a major complaint while the rest did not. Of the 894 abortion submissions identified as being of dairy origin, 299 were excluded as serologic investigation because they were not associated with abortion follow-up, and 595 fulfilled the criteria of an abortion submission. The 595 submissions consisted of 364 whole fetuses, 76 whole fetuses plus placenta, 6 whole fetuses plus blood, 27 placentas only, 100 sets of fetal tissue, 20 submissions consisting of either uterine fluid, fetal fluid, or uterine swabs, and 2 undetermined (as indicated from the records). From the 595 complete abortion submissions, 83.9% (n = 499) fell into the single-episode abortion category, and the remaining 16.1% (n = 96) into multiple-episode abortion category.
Number of dairies and herd size affected with abortion
A search of the 1990 DCDB indicated that there were 2,490 dairies in California during the study period. Of these, 501 were located in the northern milkshed, 1,568 in the central milkshed, 366 in the southern milkshed, and 55 outside the milkshed boundaries (unable to assign to a veterinary services district) 23 A total of 20.3% (102/501) of northern milksheh dairies, 15.7% (247/1,5 68) of central milkshed dairies, 13.1% (48/366) of southern milkshed dairies, and 9.1% (5/55) of dairies outside the milkshed boundaries submitted specimens for abortion diagnosis. The proportion of dairies submitting specimens for abortion workups did not differ between milkshed (P = 0.29). The mean (±SD) herd size (defined as the average number of milking cows present on a dairy during a particular year) for dairies submitting abortion specimens in the northern milkshed was 249.9 ± 162.3; central milkshed, 552.2 ± 527.4; and southern milkshed, 625 ± 205.6. When total submissions were analyzed according to herd size, it was observed that medium-sized dairies (200-999 cows) contributed a tively. Using only single-episode submissions (n = 499) for abortion workups, it was found that the likelihood of submission increased with increasing herd size (P < 0.0005). Overall, 16% of dairies in all three milksheds sent specimens for abortion problems to CVDLS during the study period.
Seasonal patterns of abortion submission
Using the 3-month moving average method, there was a suggestion of seasonality in the pattern of abortion submission across the 2.5-year period which appeared as a bimodal distribution during each complete year of observation (Fig. 1) . The results of Edwards, Ratchet Circular Scan, and Freedman tests indicated the presence of seasonal variation in frequency of abortion-related specimen submission (P < 0.05).
Etiology of abortion
The frequency of cases diagnosed by etiology showed a predominance of bacterial causes followed by protozoal, viral, and fungal identification in descending order. These patterns were observed in the central and southern milkshed. In the northern milkshed, the predominance of infectious etiologic diagnoses was in the order of protozoal = bacterial > fungal > viral (Fig.  2) . (Table 1) Actinomyces pyogenes infection was the most common bacterial diagnosis (17.7%), followed by leptospiral (12.1%) and streptococcal abortions (6.5%). The proportion of herds found positive for bacterial diagnosis among dairies submitting abortion-related specimens was 11.0% (14/128) in the northern milkshed, 22.0% (84/381) in the central milkshed, and 11.1% (9/81) in the southern milkshed. There was no readily apparent seasonality of diagnosis for bacterial abortions. More than 37% (40/107) of bacterial abortions were seen in the second trimester of gestation, and 44.0% (47/107) were seen in third-trimester fetuses ( Table 2) .
Bacterial. Bacterial abortion diagnoses
Protozoal. Protozoal agents such as Sarcocystis and
Neospora-like organisms accounted for 14.6% (87/595) of abortions (Table 1 ). The proportion of herds found positive for protozoal diagnosis among the dairies that submitted abortion-related specimens was 12.0% (15/ 128) in the northern milkshed, 17.3% (66/381) in the central milkshed, and 7.4% (6/81) in the southern milkshed. The proportion of herds diagnosed as positive for protozoal abortion among dairies of the singleepisode category during the 2.5-year study was 17.4% (87/499). As with bacterial abortion, there was no readily apparent seasonality in protozoal diagnosis noted. Protozoal abortions were diagnosed mostly from submissions associated with second-trimester gestation (60.9%), followed by third-trimester fetuses (32.2%) ( Noninfectious abortion. Among the noninfectious abortions (33 cases), congenital deformity (11 cases), mummification (10 cases), and twinning (8 cases) were the major diagnoses, along with dystocia, fetal hypoxia, hepatic failure, and nitrate toxicity (Table 1) . Trau- , 1987 , , to December 31, 1989 matic separation of fetal from maternal placenta was (69/341) of submissions had evidence of infectious inalways incriminated as the cause of abortion of twins. volvement indicated by the presence of gross and his-Abortion of undetermined etiology. Among the topathologic lesions, while 79.8% (272/341) were comabortions with an undetermined etiologic agent, 20.2% pletely undetermined (Table 1) .
Association of etiologic agent with farm and laboratory variables
Within the infectious etiologic categories there was no significant association (P = 0.9) between season and the three major etiologic diagnoses (bacterial, protozoal, and viral) as indicated by the x 2 test. There was likewise no significant association (P = 0.9) between the three major etiologic diagnoses and herd size. In general, most of the infectious abortions received by CVDLS were associated with second-and third-trimester gestations (Table 2) . With respect to description of clinical syndrome, 87.9% (523/595) of abortion submissions mentioned some history of previous abortion in the herd. There was no association between etiologic diagnoses (categorized into bacterial, protozoal, and viral) with origin of submission (categorized into northern, central, and southern milkshed) (P = 0.7). With respect to nature of specimen received, there was no difference among the three major infectious etiologies and condition of specimens on receipt at the laboratory, categorized grossly into autolyzed and fresh (P = 0.4). However, there was an association (P = 0.009) seen with specimen type (optimal, n = 473, and suboptimal, n = 122) and the three major etiologic diagnoses. Similarly, there was an association observed between specimen type and condition (freshness) and the milkshed regions (P < 0.05).
Results of multiple logistic regression analysis that modeled the probability of achieving definitive diagnosis for abortion (referred to as outcome) as a function of specimen type and condition, controlling for the effect of trimester of fetal gestation, and season are given in Table 3 . However, herd size and milkshed region did not satisfy conditions for inclusion in the model. There was a significant association between specimen type and outcome (P = 0.038), which suggested that the odds of achieving definitive diagnosis for an abortion submission were 4.28 times higher for submissions consisting of optimal specimens (as defined in the study) than submissions consisting of suboptimal specimens (95% confidence internal [CI] of odds ratio = 1. 09-16.9 ). The condition of specimens received at the laboratory was also significantly associated with probability of the outcome (P = 0.038), which suggested that the odds of achieving definitive diagnosis for abortion were 53 times higher for specimens with a greater degree of freshness (95% CI of odds ratio = 1.02-2.29). Likewise, the odds of achieving definitive diagnosis for abortion was 3.23 times higher for submissions from the second trimester of fetal gestation than those from the first trimester (P = 0.049).
Discussion
The nature and distribution of dairy cattle abortion as reflected by submissions to the CVDLS may not represent the actual abortion incidence in the field, 12, 27 so interpretation of our results should be done with caution. These submissions represent samples from aborting animals within the CVDLS clientele system and may not be representative of abortion samples in the general population.
The distribution of abortions associated with the three major infectious etiologic categories (bacterial, protozoal, and viral) conformed with the distribution of gestational age. Similar distribution was observed between overall abortion submissions and trimester of occurrence. This finding suggests that the relative importance of each etiology was not associated with trimester of gestation. Most abortion surveys that involved use of laboratory diagnosis to confirm abortion have shown a predominance of second-and third-tri- Table 3 . Results of logistic regression* modeling the probability of achieving definitive diagnosis for abortion in the laboratory as a function of specimen type and condition, controlling for the effect of trimester of fetal gestation, and season for 595 dairy cattle abortion submissions to the California Veterinary Diagnostic Laboratory System from July 1, 1987 , to December 31, 1989 mester fetal involvement, primarily attributed to the tion, then the Mixed-Effect Logistic Regression model large size of the fetus, which is easily noticeable and would have been more appropriate. One reason that collected for laboratory investigation. 25 Early abortion herd size and milkshed region did not enter into the may go unnoticed as a result of embryonic resorption, model was because some data were missing. Although aborted tissues being eaten by carnivores, 12 or other 595 cases were input, missing data for any variable reasons.
resulted in exclusion of that case from the final model. The apparent pattern of abortion submissions to the CVDLS during the 2.5-year study period suggested seasonality. Based on abortion surveillance work carried out in the San Joaquin Valley of California 26 during 1981-1987, it was noted that dairy cattle breeding was mainly concentrated in the spring. By about April or May each year the proportion of cows that conceived would have reached its peak. Increase in the population at risk of abortion during the month of April and May would precipitate an increase in the number of abortions in the following summer, when the animals would be in the second trimester of gestation (Thurmond MC, personal communication). The increase in abortionrelated submissions to CVDLS during the months of July to September may be a reflection of increased occurrence of abortion in the dairies or simply an increase in the population at risk. Higher conception rates in the fall than in the summer would mean that the number of pregnant cows reached peak levels in fall and by winter may have reached second-trimester gestation, thereby accounting for the increase in the number of abortion-related submission during this period.
Several factors have been reported to influence the probability of achieving definitive diagnosis, 21 e.g., breed and management differences 12 and level of usage of veterinary services (which may directly influence the rate as well as the characteristics of submissions to the laboratory). Among the factors associated with the laboratory are level and availability of existing diagnostic capabilities 12 and level of institutional involvement in abortion monitoring and surveillance programs, which may influence certain etiologies of abortion based on priority and interest. 12, 24 In conclusion, the major findings from this study indicated that improvement in the type and condition of specimens submitted to the laboratory for abortion workups may contribute significantly to the overall diagnostic success rate.
Sources and manufacturers
The high percentage of submissions with definitive diagnosis observed in this study compared to those reported previously (42.6%) [12] [13] [14] [15] 18, 19 may be attributable to an increase in diagnostic efficiency resulting from either recognition of new abortifacients, improvement in diagnostic techniques ,2 or improvement in submission quality resulting from successful efforts to educate laboratory users.
In the logistic regression model, type and condition of specimen received at the laboratory were found to contribute significantly to the prediction of the model. This finding was in agreement with several other studies 13, 14 which indicated that in situations where specimen submission is optimal (i.e., where most submissions consisted of fetus, placenta, and maternal blood or their combinations), a high rate of achieving definitive diagnosis may be obtained. Fresher specimens were more likely to yield definitive diagnoses than autolyzed specimens, in agreement with other studies 12, 20 which found that a large proportion of undiagnosed cases of abortion submitted to diagnostic laboratories can be attributed to the absence of fresh fetus and placenta. It is possible that the logistic regression model was inadequate since it did not take into account spatial variation of dairy location. If unobserved heterogeneity exists due to spatial varia-
